ABSTRACT: Correlated 
Introduction
Selection for increased growth has been effective in pigs (Craig et al., 1956; Rahnefeld and Garnett, 1976; Fredeen and Mikami, 1986a; Jungst, 1990, 1991a,b) . In addition to observing the direct response of the trait under selection, the size and direction of correlated responses to selection for a trait are of importance. This allows breeders to design more effective selection programs that consider all possible changes in traits of economic importance to the industry. Two important categories of correlated traits that are of monetary importance to pig breeders are reproductive and carcass traits. Correlated responses in reproductive and carcass traits in pigs have been studied previously for selection for ADG from 42 d to 90 kg Rahnefeld et al., 1983; Fredeen and Mikami, 1986b,c) , for selection for ' Contribution from the Alabama Agric. Exp. Sta., Journal Ser. no. 4-923293. 'The authors greatly appreciate the assistance of Ray Johnson and Curtis Morgan in slaughtering the pigs and helping collect the carcass data in this study.
Received April 20, 1992 . Accepted October 12, 1992 J. h i m . Sci. 1993. 71595-601 70-d weight in Landrace pigs (Kuhlers and Jungst, 1992a) , and for selection for 200-d weight in Duroc pigs (Kuhlers and Jungst, 1992b) . In mice, it was hypothesized that selection for growth at a fixed age would result in leaner animals at the age of selection, after which fat deposition would increase (Roberts, 1979) . There is little information in pigs, however, on correlated responses to selection for heavier weight at an age corresponding to BW of 2 100 kg. Therefore, the objective of this study was to estimate correlated responses in reproductive traits and carcass traits at 100 kg during six generations of mass selection for increased 200-d weight in a line of Landrace pigs.
Materials and Methods
Source of Data. The experiment was conducted at the Auburn University swine breeding unit from 1982 to 1988. The foundation animals for the study were offspring from an introduction of purebred Landrace pigs purchased in the fall of 1979 (Kuhlers and Jungst, 1991b) . Subsequent to this introduction the population was closed to outside introductions and used in a study to estimate heritabilities of growth and backfat thickness at two different testing weights (Kuhlers and Jungst, 1983) . The base generation (Generation 0 ) of pigs was farrowed in 1982. From the base population and in each subsequent generation, five boar pigs, one from each sire line, were randomly selected at weaning t o sire the next generation of control-line pigs. Likewise in each generation, a gilt from each control-line litter was randomly selected at weaning to produce the next generation of control-line pigs. In the select line, 9 boars and 18 gilts along with 9 alternate gilts with the heaviest 200-d weight were selected each generation from a single contemporary group, without regard to the pedigree of the individual> to produce the next generation of select-line pigs. In succeeding generations all replacement boars and gilts were selected from their respective lines and no matings were made across lines.
In each generation, matings were made to minimize the rate of increase in inbreeding. Generation interval in the select line was 13 mo; gilts farrowed only one litter and boars were retained for use for only one 6-wk breeding period. At the end of six generations of selection, difference in 200-d weight between the select (116.2 kg) and control lines (92.9 kg) was 23.3 kg (Kuhlers and Jungst, 1991b) . Inbreeding levels for the pigs in Generation 6 were .182 k .002 and .191 f .002 in the select and control lines, respectively (Kuhlers and Jungst, 1991b) .
Pigs were farrowed in a central farrowing house and moved to an open-fronted, sow-pig nursery at 10 to 14 d of age. All pigs were vaccinated for atrophic rhinitis at 7 and 21 d of age and for erysipelas at 35 and 70 d of age. The litter sizes born, born alive, and alive at 21 d and litter weights at birth and at 21 d were recorded. Pigs were weaned at 35 d of age and remained in the sow-pig nursery until 70-d weights were taken. In each generation, one or two boar pigs from each litter were randomly selected for castration at 70 d and subsequent carcass evaluation at 100 kg. Pigs were allowed ad libitum access to feed and water. Commercially prepared corn-soybean meal diets (pelleted) containing 18, 16, and 14% CP were fed to pigs weighing up to 18, 36, and 100 kg, respectively. Pigs were slaughtered at the Auburn University Meat Science Laboratory. After chilling for 24 h at 2"C, the following carcass data were collected from the right side of the carcass: carcass length, average midline backfat thickness (average of first rib, last rib, and last lumbar vertebra measurements), backfat thickness at the 10th rib at a point three-fourths of the distance down the longissimus muscle toward the belly, longissimus muscle area at the 10th rib, subjective marbling and color scores of the longissimus muscle (scale of 1 to 5, where 1 was devoid of marbling or pale in color, NPPC, 1991) Statistical Analyses. Litter size and litter weight traits were analyzed with a model that included the effects of generation-line (GL) and sire of dam of 1itteriGL. These traits were considered as traits of the sow and were measured on gilts that were farrowed and selected from Generations 0 through 5. A total of 189 litters was farrowed (Table 1) .
Carcass traits were analyzed with a model that included effects of GL, sire of pig/GL, dam/sire/GL, and a continuous variable, hot carcass weight (Harvey, 1987) . Preliminary analyses using the same model with the individual within selection line regression of the trait on hot carcass weight did not indicate that the regression coefficients were heterogeneous. Therefore, the regression coefficients were pooled across lines in final analyses. A total of 285 carcasses were studied (Table 1) .
Cumulative selection differentials were calculated by deviating the 200-d weight of each selected boar and gilt from its generation-line-sex subclass and adding it to the average cumulative selection differential of the individual's parents. Individual cumulative selection differentials were weighted by the number of progeny alive at 200 d and averaged to provide a single value for each generation-line-sex subclass for subsequent analyses.
Realized correlated responses were evaluated by the method of Richardson et al. (1968) . This method assumes that responses are linear and the select and control lines react similarly to the environmental effects. The procedure, however, ignores genetic drift in the calculation of standard errors. Generation-line means for the litter sizes and litter weights from both lines were fitted to a model that included fured effects of contemporary group (generation) and population along with a linear covariate of the trait on generation of selection or on weighted cumulative selection differentials ( WCSD) . The population effect was included in the model because gilts from the select line f .6 11.7 f .9 f .7 11.0 f .9 f .6 9.6 k .7
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f .5 were the heavier gilts from the line and not a random sample. Gilts from the control line were assumed to be from a different population because they were a randomly selected group from their line and not the heaviest of their line, as were the gilts from the select line. For traits measured on the carcass pigs, the model did not include the fixed effect of population because the barrows used in obtaining the carcass data were randomly selected from both lines. Realized estimates of heritabilities for correlated traits were not available in this population. Consequently, SE given for least squares means and regression coefficients did not account for genetic drift and are probably biased downward.
Coheritabilities between 200-d weight and the correlated traits were calculated by multiplication of the regression coefficients of correlated responses on WCSD by the ratio of the phenotypic standard deviations of 200-d weight to the correlated trait on which the coheritability was calculated. The coheritabilities estimate haoor~hi, where h2oo and hi are the square roots of heritability of 200-d weight and for the correlated trait, respectively, and r A is the genetic correlation between 200-d weight and the correlated trait (Yamada, 1968) . In the calculation of the SE of these coheritabilities, genetic drift variance was not considered because estimates of the heritabilities for the correlated traits were not available.
Results and Discussion
Total WCSD for 200-d weight was 88.7 kg. This corresponds to a standardized WCSD of 5.4 phenotypic SD. Realized heritability was .26 k .08, and the change per generation was estimated to be 4.2 k 1.3 kg (Kuhlers and Jungst, 1991b) . The change in adjusted probe backfat for the boars and gilts in this line was not significantly different from zero.
Generation-line means for litter size and litter weights are given in Table 2 . Although differences between select and control lines were consistently positive for litter size born, litter birth weight, and litter weight at 21 d, none of the regression coefficients on generation and WCSD were different from zero ( P > .lo: Table 3 ) . These results for litter size agree with the selection study for ADG from 42 d to 90 kg reported by Garnett and Rahnefeld (19761 , who also did not detect differences between select and control lines. However, these results differ from the selection study for postweaning ADG reported by Fredeen and Mikami (1986b) , who noted that litter size born alive had significant negative phenotypic trends over years. In addition, Fredeen and Mikami (198613) also observed a significant negative phenotypic trend over years for litter weight at birth, which was not observed in the present study. In disagree- Tables 4, 5 , 6, and 7. Days to 100 kg in the select line were greater than for pigs from the control line for the first three generations. In Generations 4 through 6, select-line pigs grew more rapidly than control-line pigs. Differences between the two lines for each generation were consistent for carcass length (less for the select line), longissimus muscle area, ham and belly weight, marbling scores and lean growth (greater for the select line). The regression coefficients of days to 100 kg were -3.0 f .7 d per generation ( P < .01; Table 8 ) and -.19 f .07 dikg of WCSD, respectively ( P e .05; Table 8 ). The coheritability between 200-d weight and age at 100 kg was -.12 k .03. This was very close to the coheritabilities of -.14 k .04 and -.17 f .03 between 70-d weight and age at 100 kg in a Landrace line and between 200-d weight and age to 100 kg in a Duroc line, respectively (Kuhlers and Jungst, 1992a,b) . Five carcass traits showed significant correlated responses per generation and six traits showed correlated changes per kilogram of WCSD (Table 8) . These five carcass traits were specific gravity, ham weight, belly weight, marbling score, and lean growth. Correlated responses per generation for these five traits were -.00063 _+ .00023, .069 _+ .027 kg, .051 f .020 kg, .045 f .012 points, and .0042 f .0007 kgid, respectively. The reduction in specific gravity and the increase in belly weight suggests that the carcasses have decreased leanness. However, backfat thickness measurements, longissimus area, and percentage of muscle did not change significantly each generation. Stewart and Schinckel (1990) reported, however, in a summary of the literature, that the genetic correlation between ADG and percentage of lean in the carcass was -.E. This suggests that percentage of lean should deteriorate from selection for growth. Marbling score increased as a result of the selection for 200-d weight. Kuhlers and Jungst (1992a,b) , however, did not observe significant changes in marbling score due to selection for 70-or 200-d weight, respectively.
The six carcass traits showing changes ( P c . l o ) associated with the changes in WCSD were carcass length, specific gravity, ham weight, belly weight, marbling score, and lean growth, with coheritabilities and .12 f .02, respectively. Longissimus area, average backfat thickness, 10th-rib backfat thickness, loin weight, shoulder weight, color score, and percentage of muscle did not change significantly in response to selection for 200-d weight. Because heritabilities exist for these traits (Stewart and Schinckel, 1990) Results of the present study do not agree with the work of Fredeen and Mikami ( 1 9 8 6~) and Kuhlers and Jungst (1992b) . Fredeen and Mikami ( 1 9 8 6~) observed that predicted lean yield increased in pigs selected for growth for nine generations; whereas, Kuhlers and Jungst (1992131, in their six-generation study with Duroc pigs, found that percentage of muscle decreased. Kuhlers and Jungst (1992b) also indicated that backfat thickness increased and lean growth did not change, because of poorer carcass composition, even though the pigs grew faster. Results of the present study also differ from those of Rahnefeld et al. (1983) , who, in a selection study for ADG from 42 d to 90 kg, noted that longissimus area decreased. However, our study agrees with the work of Rahnefeld et al. (1983) in that backfat thickness did not change.
Results from the present Landrace 200-d weight selection line agree with those of Kuhlers and Jungst (1992a) using a Landrace line selected for increased 70-d weight, in that percentage of muscle did not change. But, because of the increased growth of the pigs in the select line (decreased days to 100 kg), lean 
Implications
Single-trait selection for 200-d weight in Landrace pigs will produce pigs that grow faster and will produce more lean per day. However, selection based only on 200-d weight cannot be recommended because of the observed lack of change in percentage of muscle in the carcasses. Selection for increased 200-d weight had no effect on reproductive and maternal traits. Therefore, to meet the needs of the swine industry in producing a Landrace terminal sire line, a selection program should include 200-d weight or another measure of growth such as days to 100 kg or postweaning average daily gain, and backfat thickness adjusted for 200-d weight.
